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Abstract 

A search of the expressed sequence tag (EST) database retrieved a human cDNA sequence which partially encoded a novel 
G protein-coupled receptor (GPCR) GPR26. A human genomic DNA fragment encoding a partial open reading frame 
(ORF) and a rat cDNA encoding the full length ORF of GPR26 were obtained by library screening. The rat GPR26 cDNA 
encoded a protein of 317 amino acids, most similar (albeit distantly related) to the serotonin 5-HT 5A and gastrin releasing 
hormone BB2 receptors. GPR26 mRNA expression analysis revealed signals in the striatum, pons, cerebellum and cortex. 
HEK293 and Rh7777 cells transfected with GPR26 cDNA displayed high basal cAMP levels, slow growth rate of clonal 
populations and derangements of normal cell shape. We also used a sequence reported only in the patent literature encoding 
GPR57 (a.k.a. HNHCI32) to PCR amplify a DNA fragment which was used to screen a human genomic library. This 
resulted in the cloning of a genomic fragment containing a pseudogene, \|/GPR57, with a 99.6% nucleotide identity to 
GPR57. Based on shared sequence identities, the receptor encoded by GPR57 was predicted to belong to a novel subfamily of 
GPCRs together with GPR58 (a.k.a. phBL.5, reported only in the patent literature), putative neurotransmitter receptor 
(PNR) and a 5-HT 4 pseudogene. Analysis of this subfamily revealed greatest identities (~56%) between the receptors 
encoded by GPR57 and GPR58, each with shared identities of ~40% with PNR. Furthermore. yGPR57 ? GPR58, PNR and 
the 5-HT 4 pseudogene were mapped in a cluster localized to chromosome 6q22-24. PNR and GPR58 were expressed in COS 
cells, however no specific binding was observed for various serotonin receptor-specific ligands. © 2000 Elsevier Science 
B.V. All rights reserved. 
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1. Introduction 
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Over the past decade, cloning experiments have 
succeeded in identifying many GPCRs for which en- 
dogenous ligands are known. The search for novel 



0167-4781 /00/S - see front matter © 2000 Elsevier Science B.V. All rights reserved. 
PII:S0167-47SI(99)0024l-9 



Applicants: Beth E. Borowsky, et al. 
U.S. Serial No.: 09/980,145 
Filing Date: November 28, 2001 
Exhibit 7 



BNSDOCID: <XP 4275600A„f_> 



BBAEXP 93362 I0-2-00 



312 D.K. Lee et al. / Biochirnica et Biophysica Acta 1490 (2000/ 311-323 



GPCR genes has also identified a large cohort of 
genes whose products are members of the GPCR 
family but for which the ligands are not known [1]. 
The existence of these orphan G protein-coupled re- 
ceptors (oGPCRs) demonstrates that many neuro- 
transmitter-receptor systems remain to be identified 
and functionally characterized. Thus far. five endog- 
enous ligands (nociceptin/orphanin FQ [2,3], orexin- 
A and B/hypocretin-1 and 2 [4], prolactin-releasing 
peptide [5] and apelin [6]) have been discovered by 
expression of several oGPCRs by the process of re- 
verse pharmacology [7,8]. In each case, stable cell 
lines were transfected with DNA encoding the 
oGPCR. treated with tissue extracts and assayed 
for signal transduction. Thus, oGPCRs can be used 
to analyze anatomic expression and ligand identifica- 
tion. We have continued our search for novel 
GPCRs utilizing conserved sequences as molecular 
probes of the expressed sequence tag (EST) data- 
bases. The results from these searches are scanned 
against a database of ESTs, and the novel clones 
identified are obtained from the I.M.A.G.E. Consor- 
tium [9]. 

We now report the characterization of an oGPCR 
named GPR26. From a patent <#EP 0859055-A/l) 
we obtained the sequence HNHCI32 encoding an 
oGPCR (now renamed GPR57). Using this sequence 
we obtained a related pseudogene \|/GPR57. Also 
from a patent (#JP 1 99705 1795-A/l) we obtained 
the sequence phBL5, an oGPCR (renamed 
GPR58). We have attempted ligand binding of 
GPR26, GPR58 and the related oGPCR named 
PNR [10]. We present the chromosomal localization 
of GPR26, \|/GPR57 and GPR58. Based on their 
chromosomal localization and identity to each other, 
genes GPR57, yGPR57. GPR58, PNR and a 5-HT 4 
pseudogene [11] appear to comprise a novel biogenic 
amine-like receptor subfamily of GPCRs. 



2. Materials and methods 

2.1. Materials 

HEK293 cells were purchased from the American 
Type Culture Collection (ATCC, Manassas. VA, 
USA). 1321 Nl cells were a gift from Dr. Myron 
Toews, Department of Pharmacology, University of 



Nebraska. NE. USA. Rh7777 cells were a gift from 
Dr. Jeorld Chun. Department of Pharmacology. 
University of California at San Diego. CA, USA. 
Pre-mixed cell culture media and media supplements, 
including serum and geneticin, were purchased from 
Life Technologies. EST cDNAs were from the 
ATCC. DNA sequence was determined by the Uni- 
versity of Virginia's Biomedical Research Core Fa- 
cility. 

2.2. Cell culture 

Human embryonic kidney 293, rat hepatoma 
Rh7777, human astrocytoma 1321 Nl and COS-7 
cells were grown at 37°C in a humidified atmosphere 
of 5% C0 2 /95% air. HEK293 cells were cultured in 
DMEM/F12 supplemented with fetal bovine serum 
(10%). 1321N1 cells were cultured in DM EM supple- 
mented with fetal bovine serum (5%). Rh7777 and 
COS-7 cells were grown in MEM supplemented 
with fetal bovine serum (10%). 

2.3. DNA-mediated transfection 

HEK293. 1321N1 and Rh7777 cells were trans- 
fected by a standard CaP0 4 DNA precipitate tech- 
nique [12] and stably transfected cell populations 
were selected by growing cultures in medium supple- 
mented with 800 ng/ml geneticin. COS-7 cells were 
transfected with a calcium phosphate transfection 
system (Gibco BRL. Gaithersburg, MD, USA). 

2.4. oGPCR gene and cDNA cloning 

A human EST cDNA clone (cloneID_HIBB05) 
partially encoding a novel human GPCR was used 
to screen a genomic DNA library (^.EMBL Sp6T7, 
Clontech, Palo Alto, CA, USA) as previously de- 
scribed [13]. Oligonucleotide primers designed to am- 
plify a single exon region of the EST cDNA were 
used to amplify a fragment of the rat orthologous 
gene. The rat DNA fragment was used to screen a 
rat brain cDNA library (5' stretch, Clontech), result- 
ing in the isolation two phage clones with cDNA 
inserts of 5.5 and 2.0 kb. Both cDNAs had identical 
translational ORFs encoding GPR26. 

Human genomic DNA was amplified by PCR us- 
ing oligonucleotide primers based upon sequences 
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encoding GPR57 (GPR57-1: 5'-CTCATCCTCCTG- 
GAAAGA-3': GPR57-2: 5 ' -T A A CA ATCTC ATTT- 
GCAA-3'), GPR58 (GPR58-1 : 5'-TGCTCAGT- 
GBCDATEGAFHG-3'. (B = G or T; D = A, C, G, 
or T; E = A. C, or T; F = C or T; H = A or C): 
GPR58-2: 5'-ACCATATATTAACGGATT-3') and 
PNR (PNR1: 5'-ATGAGAGCTGTCTTCATC-3' : 
PNR2: 5'-TCATTCTTGGTACAAATC-3'). PCR 
conditions were as follows: 94°C for 40 s, 50°C for 
40 s. and 72°C for 1 min. for 35 cycles, followed by a 
7 min extension at 72°C. PCR product bands in the 
expected size range were subcloned into the EcoKV 
site of pBluescript SK( — ) or pcDNA3 (Stratagene) 
and sequenced. Inserts encoding \j/GPR57 and 
GPR58 were used to screen a human genomic library 
(XEMBL Sp6T7. Clontech) as previously described 
[13]. VJ/GPR57 positive phage clones were plaque pu- 
rified, amplified with GPR57 specific primers and 
sequenced. GPR58 positive phage clones were plaque 
purified, digested with several endonucleases, and 
subjected to Southern blot analysis as previously de- 
scribed [13]. 

To construct the full-length ORF of GPR58, two 
DNA fragments encoding the two exons of GPR58 
were amplified and joined from human genomic 
DNA by PCR. Fragment 1 was amplified using oli- 
gonucleotide primers based upon the GPR58 5' un- 
translated region (UTR) (GPR58-3: 5'-TGA- 
CAAAATTCTATCTGTTCTTG-3') and the 3' end 
of exon 1 (GPR58-4: 5'-CATACTATATGGCAT- 
GATGG-3'). Fragment 2 was amplified using prim- 
ers based upon the 5' end of exon 2 (GPR58-5: 5'- 
ATCAGATCGGTGGAGAACTGC-3') and the se- 
quence surrounding the stop codon (GPR58-6: 5'- 
TGCAGAAAAAGCCTACTCACTTTC-3')- PCR 
conditions were as follows: 94°C for 30 s, 55°C for 
30 s. and 72°C for 1 min, for 35 cycles, followed by a 
7 min extension at 72°C. The PCR products were 
subcloned into pCR 2.1-TOPO with the TOPO TA 
Cloning Kit (Invitrogen, Carlsbad, CA, USAX and 
sequenced. Fragments 1 and 2 were joined and 
amplified to form the full GPR58 ORF by two 
further rounds of PCR. Round one consisted of 
fragments 1 and 2 undergoing 30 cycles of 94°C 
for 30 s, 50°C for 30 s, and 72°C for 1 min using 
primers whose sequence spanned both fragments 
(GPR58-7: 5'-ATAGTATGATCAGATCGGTGG- 
AGA-3'; GPR- 58-8: 5'-GATCTGATCATACTA- 



TATGGCATG-3'X A second round of PCR ampli- 
fied an aliquot of the first round with primers 
GPR58-3 and GPR58-6 for 25 cycles of 94°C for 
30 s. 57°C for 30 s. and 72°C for 1 min. The PCR 
products were subcloned into pcDNA3 and se- 
quenced to verify correct orientation for expression. 

2.5. cAMP accumulation 

Cells were plated in 12 well culture dishes and 
when the populations reached about 80% of conflu- 
ency. growth medium was removed, cell monolayers 
rinsed with sterile buffered salts solution and overlaid 
with HKRB buffer (in mM: HEPES 20, NaCl 103, 
KC1 4.8, CaCl 2 0.5, MgS0 4 1.2, KH 2 P0 4 1.2, 
NaHC03 25, glucose 15/ pH 7.4) supplemented 
with 0.1% fatty acid free bovine serum albumin 
(FAF-BSA). Cultures were treated with isobutylme- 
thylxanthine (1 mM) for 15 min at 37°C. The assay 
was terminated by the addition of 0.5 ml of 0.15 N 
HC1. Following centrifugation to remove cell debris, 
the cAMP in the supernatant fluid was measured in 
an automated immunoassay (GamrnaFlow). 

2.6. Oocytes 

Oocytes were removed from anesthetized, adult 
Xenopus laevis toads through a small incision in the 
ventral wall. Stage V and VI oocytes were isolated 
manually from the ovary and incubated in collage- 
nase (Type 1 A. 1 mg/ml) in calcium-containing buffer 
for 2 h at room temperature. The absence of adher- 
ent material, including follicular cells, was confirmed 
by microscopic examination. Chloride currents were 
measured in response to applied compounds from 
oocytes held under two electrode voltage clamp as 
described previously [14]. 

2.7. Calcium measurements 

These determinations were made as described pre- 
viously [14,15]. Briefly, 1321 Nl cells were trypsi- 
nized, collected by centrifugation, washed with 
HKRB buffer supplemented with 0.1% FAF-BSA. 
The cells were suspended in HKRB containing 
10 M-g/ml INDO-1/AM and after 45 min, washed, 
resuspended (at about 1.5 xlO 6 cells/ml) in HKRB 
without INDO-1 and kept for no more than an addi- 
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tional 90 min. Records of intracellular calcium fluxes 
were made on populations of 1-2X10 6 cells/ml in 
2 ml cuvettes in a temperature-controlled fluorimeter 
(Aminco SLM 8000; SLM Instruments, Urbana, IL, 
USA). The cuvette was illuminated with light at 332 
nm (slit width 4-8 nm) and emitted light was re- 
corded at 400 and 485 nm (slit widths 4-8 nm). Cal- 
cium measurements were peak responses in traces of 
the ratio of the emitted light. Maximum and mini- 
mum fluorescence ratios were calculated by the se- 
quential addition of digitonin ( to 75 jxM) and EDTA 
(to 5 |iM). After testing lipid mediators, cultures 
were treated with 100 \xM thrombin receptor agonist 
peptide (SFLLRNamide) to ascertain that the signal- 
ing pathway remained intact. 

2:8. Radioligand binding assays 

Membranes of COS-7 cells transfected with PNR 
were harvested and ligand binding assays performed 
as ' previously described [16] using [ 3 H]spiperone, 
[ 3 H]LSD, [ 3 H]5-HT, [ 3 H]5CT. [ 3 H]8-OH-DPAT, 
[ 3 H]Ketanserin and [ 3 H]GR1 13808 (Amersham, 
Uppsala, Sweden) as ligands. Membranes of COS-7 
cells transfected with GPR58 were harvested and li- 
gand binding assays were performed as previously 
described [17] using [ 3 H]5-HT against competitive 
displacement with methiothepin, mianserin and 
SDZ-205,557 HCI (RBI, Natick. MA. USA). 

2.9. Northern blots 

RNA from several human and rat brain regions 
and peripheral tissues was extracted by the method 
of Chomczynski and Sacchi [18] and mRNA was 
enriched by chromatography using oligo dT cellulose 
[19]. RNA was denatured by heating in 50% form- 
amide and size fractionated on a 1% agarose gel 
containing formaldehyde. Following electrophoresis, 
the RNA was transferred to a nylon membrane and 
immobilized by UV cross linking. The bound RNA 
was hybridized to GPR26. \|/GPR57, and GPR58 
DNA fragments that had been radiolabeled with a- 
[ 32 P]dCTP to a specific activity of >1 x 10 s dpm/|Lig. 
Specific hybrids were selected by washing the filter in 
0.1 XSSC 0.1% SDS and detected by exposing the 
membrane to X-ray film at — 70°C in the presence of 
an image intensifying screen. 



2 JO. In situ hybridization 

In situ hybridization was performed as described 
previously [20]. Briefly, male rats (Jackson Labora- 
tories. Bar Harbor, ME, USA) were killed and brains 
removed within 30 s and frozen on crushed dry ice. 
Sections (14 \xm thickness) were cut at — 20°C on a 
Reichert-Jung cryostat and mounted onto micro- 
scope slides. Sections were fixed in 4% paraformal- 
dehyde, washed with phosphate buffered saline (pH 
7.4) before dehydration. Rat GPR26 DNA was ra- 
diolabeled by random priming in the presence of 
[ 35 S]dCTP (New England Nuclear, Boston, MA, 
USA). Brain sections were incubated in hybridization 
buffer and after 2 h, the labeled DNA was added 
(lxlO 6 dpm/slice) and incubation continued for 
16 h. The sections were washed and dehydrated. 
Slides were exposed to X-ray film (Dupont MRF- 
34) for 4-6 weeks at — 70°C. For use as controls, 
adjacent sections were hybridized following treat- 
ment with RNase. 

2.1 L Chromosomal assignment of genes 

Metaphase spread chromosomes derived from hu- 
man lymphocytes were used for chromosomal assign- 
ment of the GPR26, \i/GPR57 and GPR58 genes. 
Slides were prepared and fluorescence in situ hybrid- 
ization (FISH) analysis done by probing with bio- 
tinylated phage clones encoding GPR26, \{/GPR57 
and GPR58 as previously described [21,22]. In addi- 
tion, a Southern blot analysis of a human monochro- 
mosomal somatic cell hybrid panel (BIOS laborato- 
ries) was performed with a probe encoding \|/GPR57 
as per manufacturers instructions. 



3. Results 

3.1. Cloning of GPR26 

A cDNA encoding GPR26 was first identified as 
a partial length human EST cDNA (cloneID_ 
HIBB05). A fragment of the human GPR26 gene 
was obtained by screening a genomic DNA library 
and a 5.2 kb fragment isolated. Sequence comparison 
of the EST cDNA and the genomic DNA fragment 
showed that the sequences diverged in transmem- 
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brane region (TM) 6. indicating the presence of an 
intron in the human GPR26 gene. We used oligonu- 
cleotide primers partially encoding a single exon of 
the EST to amplify a fragment of the orthologous rat 
gene. The rat GPR26 fragment was used to screen a 
rat brain cDNA library, which resulted in the isola- 
tion of two phage clones encoding identical transla- 
tional open reading frames. In keeping with the or- 
phan GPCR nomenclature, this DNA was named 
GPR26. 

The receptor encoded by the rat GPR26 cDNA 
was 317 amino acids long ( Fig. 1). and most similar 
to a serotonin receptor (5-HT 5A ) and the gastrin re- 
leasing hormone receptor (BB2). These proteins 
shared only 25% overall identity with the receptor 
encoded by GPR26. demonstrating a distant rela- 
tionship to other Family A GPCRs. In the region 
of overlap (TM3 onward) with the partial human 
GPCR26 cDNA (280 amino acids), the rat and hu- 
man GPR26 proteins were >95% identical. The 
GPR26 protein has a short amino terminus without 
the N-linked glycosylation motif, an unusual but not 
unique occurrence among GPCRs. A curious feature 
of the GPR26 encoded receptor was the occurrence 
of an arginine residue at position 251 (in TM6) and a 
lysine residue at position 270 (in TM7). This pair of 
cationic residues are found only in the purinergic 
P2Y receptor cluster [23.24]. To determine whether 
GPR26 functions as a nucleotide receptor, we tested 
multiple 1 321 N 1 cell populations following transfec- 
tion with GPR26 for calcium mobilization in re- 
sponse to nucleoside di- and tri-phosphates. All of 
these assays proved negative, as did parallel assays in 
Xenopus laevis oocytes (data not shown). 

3.2. Cloning of yKJPR57 and GPR58 

Human genomic DNA was PCR amplified using 
primers based upon a patent (#EP 0859055-A/l) 
gene sequence HNHCI32. We obtained a gene very 
similar to HNHC132 with the exception of two single 



Fig. I. Comparison of receptors encoded by rat GPR26. human 
5-HTsa and human BB2. The regions comprising the seven 
TMs are shown boxed. Residues identical between GPCRs are 
boxed and shaded. GPR26 sequence data has been deposited 
with GenBank (Accession # AF208288). 
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GAA GCA CAT TAATAAAAAGCTGTTGCAAAAGTGAATAGAATATTGCA -3* 
Glu Ala His 

Fig. 2. Sequence of \^GPR57. Differences and deletions from GPR57 nucleotide sequence are indicated in lower case bold and by a 
respectively. Without the frame shifts, the predicted TMs are shaded and labeled. Amino acids are numbered on the left and nu- 
cleotides on the right. Sequence data have been deposited with GenBank for \}/GPR57 (Accession # AF 1 12462). 
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base-pair substitutions and two single base-pair dele- 
tions. In order to search for a gene identical to the 
patent sequence containing an ORF encoding a com- 
plete GPCR, this DNA was used to screen a human 
genomic library. Two phages were identified and am- 
plified by PCR with HNHCI32 TM3 and TM7-en- 
coding primers. This phage was PCR amplified with 
the HNHCI32 5' and 3' UTR-encoding primers and 
a sequence analysis revealed both the amplified ge- 
nomic DNA and genomic library gene products to be 
identical and both encoded a pseudogene, \j/GPR57 
(Fig. 2). sharing a 99.6% bp identity with HNHCI32 
(which was renamed GPR57). 

We obtained a rabbit sequence as revealed in a 
patent (# JP 1997051 795- A/1 . Gen Bank Accession 

# El 2664) which partially encoded a novel GPCR. 
This sequence was used in a BLAST [25] search of the 
Gen Bank GSS database to reveal human genomic 
clone 2005D7 (GenBank Accession # B52458) which 
partially encoded a receptor from the third intra- 
cellular loop to the stop codon with 92% identity 
to the rabbit sequence. Human genomic DNA was 
PCR amplified using a primer based on the TM6 
encoded by clone 2005D7 and a degenerate primer 
designed from the sequence encoding TM3 of PNR, 
5-HT 4 pseudogene. and the rabbit El 2664 sequence. 
The PCR product (—400 bp) revealed an 89% iden- 
tity to the patented rabbit sequence, confirming a 
human ortholog. This DNA was used to screen a 
human genomic library, revealing a phage encoding 
a novel GPCR. which we named GPR58. The se- 
quence obtained was from the first extracellular 
loop to the stop codon. indicating the presence of 
an intron at the TM2/first extracellular loop junc- 
tion. During the course of our work, a patent was 
released (# JP 1997238686- A/1. GenBank Accession 

# El 3892) which included a gene named phBL5 en- 
coding the human GPR58 ORF. To isolate the 
GPR58 ORF. two sets of human GPR58 primers 
were used to amplify the two exons flanking the 
TM2/first intracellular loop junction intron. The am- 
plified fragments were joined in one round of PCR 
by the extension of primers whose sequences over- 
lapped the two fragments and the ORF was ampli- 
fied in a second PCR round with GPR58 5' and 3' 
UTR-specific primers. 

GPR57 and GPR58 encoded proteins of 343 and 
306 amino acids respectively. The sequence of the 
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GPR58 ORF varied only by two thymine to cytosine 
substitutions compared with the phBL5 patent se- 
quence, resulting in a translation of Ala 133 in place 
of Val and a silent nucleotide variation encoding 
Tyr 184 . Using GPR57 and GPR58 nucleotide and 
encoded protein sequences in BLAST searches, the 
highest identities were observed with the PNR and 
serotonin 5-HT 4 receptors and a reported 5-HT 4 
pseudogene (Fig. 3). The GPR57 encoded receptor 
shared identities with the GPR58 (59%). PNR 
(37%), the 5-HT 4 (30%) receptors and a 5-HT 4 pseu- 
dogene (35%). The GPR58 encoded receptor shared 
identities with the PNR (42%). and 5-HT 4 (34%) 
receptors and the 5-HT 4 pseudogene (49%). Con- 
served residues and consensus sequences of Family 
A GPCRs present in the GPR57 and GPR58 recep- 
tors included an asparagine in TM1. an aspartate in 
TM2. prolines in TMs 4-7, cysteines in the first and 
second extracellular loops, and PRC consensus se- 
quences in the second and third intracellular loops. 

3.3. Expression analysis 

To determine the expression patterns of GPR26, 
we performed northern blots of rat tissue. As shown 
in Fig. 4. GPR26 RNA was detected as a single band 
migrating at about 9 kb in extracts of several brain 
regions including striatum, pons, cerebellum and cor- 
tex. We failed to detect GPR26 mRNA in numerous 
peripheral tissue extracts excepting testis, where a 
3 kb GPR26 RNA transcript was detected (not" 
shown). To examine GPR26 expression in rat brain 
at higher resolution, we performed in situ hybridiza- 
tion. GPR26 RNA was detected in cortical structures 
including the anterior cingulate area, posterior cingu- 
late and the frontoparietal, somatosensory and piri- 
form cortices. The distribution of signal among the 
layers of cortex was not uniform, being mostly con- 
centrated in layers 1-111. GPR26 RNA was promi- 
nent also in the olfactory tubercle, the islands of 
Calleja, ventromedial and posterior nuclei of the hy- 
pothalamus, the medial septal nucleus, nucleus of the 
diagonal band and the ventral tegmental area. 
GPR26 RNA was localized also to hippocampal 
structures, with signals strongest over the CA2 and 
CA3 regions of Amnion's horn and less so over the 
dentate gyrus. The caudate putamen was labeled 
only in its most caudal portion, with a decreasing 
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9.5 kb 
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Fig. 4. Localization of rat brain GPR26 RNA. A; Northern 
blot of rat brain extracts. Five ng of poly (A*) RNA was ap- 
plied to each lane. Size estimation is from comparison with mi- 
gration of RNA standards (not shown). B: In situ hybridization 
of sulfur-35 labeled GPR26 DNA. Upper panel: Sagittal sec-s 
tion taken at the midline. Lower panel: Coronal section at the 
level of the hippocampus. Abbreviations: BA. basomedial 
amygdaloid nucleus; CP. caudate putamen: DC dentate gyrus; 
DM, dorsomedial hypothalamic nucleus; F. frontal cortex; FP. 
frontal parietal cortex; TC. islands of Calleja; TO. inferior oli- 
vary nucleus; MT, medial terminal nucleus of the accessory op- 
tic tract; OT, olfactory tubercle; PN. pontine nucleus; PO. pri- 
mary olfactory cortex; PVT. paraventricular thalamic nucleus; 
SC, superior colliculus; SNC. substantia nigra pars compacta; 
VMH. ventromedial hypothalamic nucleus. 



man hippocampus cDNA, no visible transcripts were 
detected in the pons, thalamus, globus pallidus, cau- 
date, putamen or cerebellum. For GPR58 (revealed 
in patent # JP 1 99705 1795- A/ 1 cloned from rab- 
bit smooth muscle cDNA and in patent # JP 
1997238686- A/1 from human cerebellum cDNA) no 
visible transcripts were detected in the pons, thala- 
mus, hypothalamus, hippocampus, caudate, puta- 
men, frontal cortex, basal forebrain, midbrain or 
liver. 




gradient of signal from the dorsal to ventral aspect. 
Finally, a strong signal was associated with a single 
pontine structure, the inferior olivary nucleus. 

Northern analysis was also performed for GPR57 
and GPR58 on human tissue. Since the GPR57 
and \|/GPR57 sequences shared 99.6% identity, the 
H/GPR57 probe would also detect GPR57 mRNA 
transcripts. For GPR57, revealed in the patent 
(# EP 0859055-A/l) to have been cloned from hu- 



3.4. Attempted pharmacological characterization 

In order to test candidate ligands for GPR26, we 
introduced its cDNA into HEK293 cells by DNA- 
mediated transfection. With repeated experiments we 
observed a low efficiency of transfection (as meas- 
ured by the number of colonies/dish), a slow growth 
rate of surviving clonal populations and derange- 



Plain 
rGPR-26 




HEK293 Rh7777 



1321N1 



Fig. 5. Triplicate measurements of cAMP accumulation in the 
presence of TBMX in clonal cell lines transfected with rat 
GPR26 cDNA or mock transfected cells. 
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merits of normal cell shape. We hypothesized that 
these phenotypes might be the consequence of high 
basal cAMP levels in the transfected cells. As shown 
in Fig. 5 for one clonal population of HEK293 cells. 
cAMP levels were elevated as compared to mock 
transfected cultures. A similar situation was observed 
with six different clones of transfected Rh7777 cells 
(one is shown in Fig. 5). However, this phenomenon 
was not observed in any of eight individual 1321N1 
cell clones transfected with GPR26 cDNA. 

COS-7 cells were transfected with constructs en- 
coding PNR and GPR58 and the membranes har- 
vested for ligand binding assays. For the receptor 
encoded by PNR, several tritiated serotonin ligands, 
including spiperone. LSD, 5-HT, 5CT, 8-OH-DPAT 
and ketanserin were tested for binding to the ex- 
pressed receptor. A selective tritiated 5- HT4 receptor 
ligand, GR 113808. was also used in an attempt to 
label the expressed receptor. No specific binding to 
the PNR receptor was detected with any ligands 
tested. For the receptor encoded by GPR58, [ 3 H]5- 
HT was tested for binding in competition experi- 
ments with three compounds: methiothepin (a 5- 
antagonist), mianserin (a non-selective 5-HT an- 
tagonist) and SDZ-205.557 HC1 (a 5-HT 4 antago- 
nist). In each experiment, no specific binding of se- 
rotonin to the GPR58 receptor was detected. 

3.5. Chromosomal analysis 

A Southern blot of a human monochromosomal 
somatic cell hybrid panel with a probe encoding 
\yGPR57 was performed. Given the 99.6% sequence 
identity between >|/GPR57 and GPR57, we expected 
to see bands revealing the chromosomal localization 
of both \j/GPR57 and GPR57. A single band was 
detected (data not shown) suggesting that both 
\j/GPR57 and GPR57 localized to chromosome 6. 

FISH analysis of human metaphase spread 
chromosomes was used to identify the chromosomal 
localization of GPR26, \|/GPR57 and GPR58. 
The phage clones were biotinylated and used for 



FISH mapping. The detailed positions were de- 
termined based on the summary from 20 photo- 
graphs of human chromosome 10, region q26.2- 
q26.3 for GPR26. chromosome 6 region q23-q24 
for \yGPR57 and chromosome 6 region q24 for 
GPR58 (Fig. 6). Previous reports have localized the 
receptor PNR at 6q23 [10] and the 5-HT 4 pseudo- 
gene at 6q22.1 [11]. Together. yGPR57. GPR58. 
PNR and the 5-HT 4 pseudogene appear to compose 
a family of oGPCR genes that localize between q22 
and q24 on chromosome 6. 



4. Discussion 

Based on the presence of two cationic residues, 
found similar to those found only in the P2Y recep- 
tors, we tested nucleoside di- and tri-phosphates for 
binding with the receptor encoded by GPR26. This 
cationic amino acid pair has been suggested from 
modeling and mutagenesis studies to participate in 
the recognition of the a phosphate of ATP by the 
P2Y1 receptor [23,24]. However, assays with 1321N1 
and Xenopus laevis oocyte cell lines transfected with 
the GPR26 receptor proved negative. The massive 
accumulation of cAMP in HEKL293 and Rh7777 cells 
following GPR26 DNA transfection. which occurred 
in the absence of exogenous ligand, led us to suspect 
that GPR26 might exhibit high constitutive activity. 
However, cAMP levels were not found to be elevated 
in 1321N1 cells transfected with GPR26 DNA (eight 
clones were tested). Thus we predict that the ligand 
for the GPR26 receptor is an autocrine mediator 
released by HEK293 and Rh7777 cells, but not by 
the 1321 Nl cells. 

The \|/GPR57 sequence varied from GPR57 by two 
single nucleotide deletions and two nucleotide substi- 
tutions, maintaining an overall nucleotide identity of 
99.6% (Fig. 2). The two deletions resulted in two 
frame shifts relative to GPR57 in the regions of the 
gene corresponding to the extracellular N-terminal 
segment and TM1 respectively, the first leading to 



Fig. 6. FISH analysis of yGPR57 (A), GPR58 (B) and GPR26 (C) showing results of metaphase spread chromosomes probed with 
phage clones encoding \|/GPR57. GPR58 or GPR26 and an ideogram summarizing the results of both FISH analyses. Each dot repre- 
sents the location of a fluorescent signal on the chromosome using phage containing the yGPR57, GPR58 or GPR26 clone as a 
probe. 
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a stop codon in TM3 and an ORF of only 309 bp 
encoding a 103 amino acid protein. We have previ- 
ously reported other GPCR pseudogenes \|/DRD5-1, 
\|/DRD5-2 [26], \|/5-HTR ID [27],^ yGPR32 and 
\|/GPR33 [28], and \j/GPR53 [29]. 

The GPR58 receptor does not appear to encode 
an extracellular N-terminal segment. While other 
GPCRs with very short extracellular N-terminal seg- 
ments have been identified (e.g. GPR26, the adeno- 
sine Al receptor [30], A2b receptor [31] and hista- 
mine H2 receptor [32]), the ORF of GPR58 appeared 
to start within the first TM with the identified initia- 
tion methionine conformed to an adequate Kozak 
sequence [33]. 

Both GPR57 and GPR58 displayed residues im- 
portant for ligand binding comparable to those in 
biogenic amine-binding receptors. Specifically, an as- 
partate in TJV13. threonine in TM5 and phenylalanine 
in TM6 shown to be important for ligand binding 
and stability in biogenic amine-binding receptors [34] 
were conserved in both the GPR57 and GPR58 re- 
ceptors. While two members of this subfamily, PNR 
and GPR58, did not bind serotonin; based on se- 
quence identities and the conservation of several im- 
portant residues with amine-binding GPCRs, we pre- 
dict these receptors will bind an endogenous amine- 
like ligand, perhaps of a type yet to be discovered. 
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